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ABSTRACT 

Using  c o m b i n a t o r i a l  a n a l y s i s  and p a s t  countdown da ta  i n  
t h e  form of  c u m u l a t i v e  p r o b a b i l i t i e s  o f  t o t a l  h o l d  t i m e  i n  g i v e n  
countdown i n t e r v a l s ,  e q u a t i o n s  have been  d e r i v e d  e v a l u a t i n g  t h e  
p r o b a b i l i t y  of s u c c e s s f u l  l aunch  as a f u n c t i o n  of  l a u n c h  s t r a t e g y .  
From t h e s e  e q u a t i o n s ,  t h e  f o l l o w i n g  c o n c l u s i o n s  c a n  be  drawn:  

1. I f  t h e  p r o b a b i l i t y  o f  a launch-on- t ime w i t h o u t  b u i l t -  
i n - h o l d s  (B.I.H's) i s  sma l l ,  s u b s t a n t i a l  improvement 
c a n  be  o b t a i n e d  by  u s i n g  a c o m b i n a t i o n  of B.I.H's as  
l a t e  i n  t h e  countdown as  p o s s i b l e ,  and  a l a u n c h  window. 

The re  i s  l i t t l e  advan tage  i n  h a v i n g  a B . I . H .  l e n g t h  
e x c e e d i n g  t h e  maximum v a l u e  of t o t a l  h o l d  t i m e  found 
s t a t i s t i c a l l y  for l a u n c h e s  i n  t h e  p r e c e e d i n g  p o r t i o n  
of  t h e  countdown,  when u n s c h e d u l e d  h o l d  t imes g rea t e r  
t h a n  a c e r t a i n  maximum lead t o  a r e c y c l i n g  ( s c r u b )  o f  
t h e  e n t i r e  countdown. 

S i m i l a r l y ,  t h e r e  i s  l i t t l e  a d v a n t a g e  i n  employing  a 
l a u n c h  window g r e a t e r  t h a n  t h e  peak  v a l u e  o f  t h e  
t o t a l  h o l d  t ime found s t a t i s t i c a l l y  f o r  t h e  e n t i r e  
l a u n c h  countdown.  

4 .  The re  i s  l i t t l e  t o  be  g a i n e d  i n  employing  a c o n t i n u o u s  
l a u n c h  window r a t h e r  t h a n  two window p a n e s ,  u n l e s s  t h e  
window e x c e e d s  s e v e r a l  h o u r s .  
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P(Launch-on-t ime w i t h o u t  B.I.H's) = 0.13 

F o r  a combina t ion  o f  two h o u r s  of B.1.H a t  T = 2 2  
m i n u t e s  and  a two h o u r  l aunch  window, and a l l o w i n g  f o r  one 
r e c y c l e  d u r i n g  t h e , f i n a l  2 2  m i n u t e s  o f  countdown, t h e  p roba -  
b i l i t y  of a s u c c e s s f u l  l aunch  was f o u n d  t o  b e :  

P(L) = 0 . 6 8  w i t h  a c o n t i n u o u s  l a u n c h  window 

P ( L )  = 0 . 6 5  w i t h  two window p a n e s .  



BELLCOMM, INC. 

TABLE OF CONTENTS 

I. 
11. 
111. 

IV . 

V. 
VI. 
VII. 

ANALYTICAL EVALUATION OF LAUNCH STRATEGY 
USING POST COUNTDOWN HOLD DATA 

ABSTRACT 
TABLE OF CONTENTS 
LIST OF FIGURES 
INTRODUCTION 
THE UNSCHEDULED TOTAL HOLD TIME DISTRIBUTION 
PROBABILITY OF LAUNCH WITHIN A GIVEN CONTINUOUS 
LAUNCH WINDOW OF LENGTH, L.W. 
A. No B.I.H.'s O r  Recycling 
B. Recycling But No B.I.H.Is 
C. B.I.H. At Tb But No Recycling Required 
D. B.1.h. At T = Tc And Recycling 

P(L) FOR A GIVEN LAUNCH WINDOW CONSISTING OF TWO 
PANES (OF NEGLIGIBLE WIDTH) L.W. APART 
A. No B.I.H.'s Or Recycling 
B. Recycling But No B.I.H.'s 
C. 
D .  

OTHER LAUNCH STRATEGIES 
APPLICATION TO SATURN L.O.R. MISSION 
SUMMARY AND CONCLUSIONS 
REFERENCES 

B.I.H. At T = Tb But No Recycling Required 
B.I.H. At T = Tc And Recycling 

FIGURES 
APPENDIX A - 

APPENDIX B - 

APPENDIX C - 

DERIVATION OF THE EFFECT OF RECYCLING ON 
THE PROBABILITY DISTRIBUTION FOR TOTAL 
HOLD TIMES 

TRIBUTION FOR TOTAL HOLD TIMES AFTER A 

SEPARATION OF HOLD STATISTICS INTO P(N0 
SCRUB) AND THE CUMULATIVE TOTAL HOLD 
TIME PROBABILITY DISTRIBUTION FOR LAUNCHES 

DERIVATION OF THE NEW PROBABILITY DIS- 

BUILT-IN-HOLD 

Page No, 

1 
2 

3 
3 
4 
5 
6 

7 
7 
7 
8 
8 

9 
10 
11 



BELLCOMM. I N C .  
Y 

LIST OF FIGURES 

F i g u r e  1. D i s t r i b u t i o n s  of T o t a l  Unscheduled  Hold T i m e s ,  
S a t u r n  I and  I B ,  Launches Only 

F i g u r e  2 .  D i s t r i b u t i o n s  of  I n t e r v a l  T o t a l  Unscheduled  Hold 
T i m e s  w i t h  a B . I . H .  a t  T = 2 2  M i n u t e s ,  Launches 
Only 

F i g u r e  3 .  D i s t r i b u t i o n  of T o t a l  Unscheduled  Hold T i m e  With 
a n d  Without  R e c y c l i n g  i n  t h e  Countdown I n t e r v a l  
0 t o  2 2  m i n u t e s .  

F i g u r e  4 .  P r o b a b i l i t y  o f  a S a t u r n  V L . O . R .  Launch for Con- 
t i n u o u s  Launch Windows, Us ing  S a t u r n  I and  I B  
S t a t i s t i c s  and  Allowing for One Recyc le  ( E q u a t i o n  9 )  

F i g u r e  5 .  P r o b a b i l i t y  o f  S a t u r n  V L . O . R .  Launch for Two Launch 
Window P a n e s ,  L.W. A p a r t ,  Using S a t u r n  I and  I B  S t a -  
t i s t i c s  and Allowing for One Recyc le  ( E q u a t i o n  13) 



Y 

BELLCOMM, INC. 
\ iiw Sevemeenm street, N.W. wasnington, U.G. zuu6 

SUBJECT: Analytical Evaluation of Launch DATE: April 11, 1968 
Strategy Using Past Countdown 
Hold Data FROM: W. B. Gevarter 

TM-68-2014-3 

TECHNICAL MEMORANDUM 

I. INTRODUCTION 

This memorandum indicates how countdown data from past 
launches can be used to predict the probability of a successful 
launch, P(L), as a function of a chosen launch strategy. By 
launch strategy, we mean a particular arrangement of built-in- 
holds, launch window lengths, or window panes, and recycle re- 
quirements. The approach used in this memorandum is 
combinatorial analysis utilizing total hold time statistics 
from past launches. This approach is straightforward and very 
flexible . 

Various authors have attacked this and related prob- 
lems using a variety of methods. I have found it convenient to 
group these methods as follows: 

This approach usually employs the traditional exponen- 
tial failure rates utilized in standard reliability 
analyses. The success of equipments and events in the 
countdown are treated individually in the order of 
their occurrence. Examples of this approach are 
References 1, 2, 3, 4, and 5. 

2. Macromodeling of Event Successes, Failures and 
Repairs 

These treat the entire countdown as a single unit, but 
the same methods are applied as in Group 1. Examples 
are References 6 and 7. 

3. Macromodeling, Using Given Event Success Statistics 

In this approach, statistics on the success of all or 
portions of the countdown are utilized, instead of 
failure and repair rates, for the purpose of predicting 
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the probability of launch for a given launch strategy. 
Examples of this are References 8, 9, and 10. 

4. Probability of Success for Independent Trials 

In addition to the probability of launch of a given 
vehicle, several authors have considered the proba- 
bility of success of independent parallel events, 
such as multiple launchings. Examples of this are 
References 11, 12, and 1 3 .  

The approach used in this memorandum belongs with 
those in Group 3. The distinguishing feature is the handling 
of the statistical data (so as to facilitate the computations) 
and the particular launch strategies chosen for consideration. 

11. THE UNSCHEDULED TOTAL HOLD TIME DISTRIBUTION 

The key to efficient utilization of past data in pre- 
dicting P(L) is to put the data in the most appropriate form. 
Reference 14 and most of the other references break the data up 
into occurrence of holds and individual hold times. For our 
purposes, it appears that the most expeditious way to order the 
data is by the total hold time in a countdown time interval. 

Let: 

a H = total unscheduled hold time (for a given 
launch) present in the time interval 
a < T < b  

a 

- 

where 

A T = countdown script time* in minutes before 
launch 

Then the. cumulative probability distribution of aHb is given by 

*Script time is the scheduled time, not considering holds, 
for the occurance of countdown events, 
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Us ing  t h e  d a t a  o f  R e f e r e n c e  1 4 ,  F i g u r e  1 p r e s e n t s  t h i s  d i s t r i -  
b u t i o n  ( f o r  l a u n c h e s " )  f o r  s e v e r a l  t i m e  i n t e r v a l s  f o r  S a t u r n  I 
and  I B  v e h i c l e s .  The d a t a  s a t i s f i e s  r e a s o n a b l y  we l l  t h e  con- 
s t r a i n t  

r e q u i r e d  f o r  s t a t i s t i c a l  i ndependence  o f  h o l d s  i n  t h e  two 
i n t e r v a l s  0 t o  2 2  m i n u t e s  and 2 2  t o  TT m i n u t e s .  

111. PROBABILITY OF L A U N C H  W I T H I N  A GIVEN CONTINUOUS LAUNCH 

WINDOW OF LENGTH, L.W. 

I n  t h i s  and t h e  n e x t  s e c t i o n  w e  w i l l  d e r i v e  t h e  p rob-  
a b i l i t y  o f  l a u n c h  for s e v e r a l  l a u n c h  s t r a t e g i e s .  C e r t a i n  
a s s u m p t i o n s  o f  i n d e p e n d e n c e  of  e v e n t s  w i l l  b e  a p p a r e n t  f rom t h e  
c o m b i n a t o r i a l  a n a l y s i s  i n d i c a t e d .  F o r  s i m p l i c i t y  w e  w i l l  c o n s i -  
d e r  s e c o n d a r y  f a i l u r e s  d u r i n g  a h o l d  t o  b e  n e g l i g i b l e .  T h i s  
l a t t e r  a s s u m p t i o n  i s  w a r r a n t e d  based on t h e  data  o f  R e f e r e n c e  1 4 .  

A .  No B . I . H . ' s  or R e c y c l i n g  

For t h i s  s i m p l e  c a s e  o f  no b u i l t - i n  h o l d s  ( B . I . H . ' s )  

P ( L )  = P { t o t a l  u n s c h e d u l e d  h o l d  t i m e  5 l a u n c h  window) 

= F H  (L.W.)  

TT 
( 3 )  

"Appendix C i n d i c a t e s  how t h e  s t a t i s t i c s  can  b e  s e p a r a t e d  
i n t o  t h o s e  f o r  l a u n c h e s  and s c r u b s .  
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where 

TT = t o t a l  countdown t i m e  ( f o r  t h e  l a u n c h  countdown) 

L.W. = l a u n c h  window w i d t h  

B .  R e c y c l i n g  b u t  No B.I.H.’s 

C e r t a i n  l a u n c h  v e h i c l e s  ( f o r  r e a s o n s  s u c h  as c ryo-  
g e n i c  or equipment  l i m i t a t i o n s )  r e q u i r e  r e c y c l i n g  i f  d u r i n g  
t h e  t e r m i n a l  p o r t i o n  of t h e  countdown a h o l d  e x c e e d i n g  a few 
m i n u t e s  o c c u r s  ( e . g .  s e e  R e f e r e n c e  1 5 ) .  For t hese  c a s e s ,  i f  
a h o l d  o c c u r s  a t  a countdown s c r i p t  t ime o f  T d u r i n g  t h e  
t e r m i n a l  p e r i o d ,  t h e  e x t r a  t i m e  r e q u i r e d  b y  t h e  r e c y c l e  a c t s  
t o  f u r t h e r  r e d u c e  t h e  l aunch  window r e m a i n i n g  a f t e r  t h e  h o l d s  
e a r l i e r  i n  t h e  countdown have b e e n  s u b t r a c t e d  from i t .  Thus ,  
i f  r e c y c l i n g  t o  Tc  i s  r e q u i r e d  f o r  u n s c h e d u l e d  h o l d s  a t  T < T c ,  
t h e n  ( c o n s i d e r i n g  o n l y  one  r e c y c l e ) :  

h 

P ( L )  = P/l [TcHTT 2 L.W. and  O H T c  = 03 
L. 

< L.W.  and  O <  H <[L.W. - H -h ) 
O r  [TcHTT O Tc Tc  TT 

and  ‘H = O] \ 
O Tc 

(4) 

.L . w . 
(L.W.-h-h ) I f  ( h ) d h  rF ( 0 )  

c ‘0 [”” O H Tc J T ~ ~ T ~  O T  
+ 

d 

where  
h p  = t i m e  l o s t  due t o  r e c y c l i n g .  ( 5 )  
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( h )  = h o l d  d i s t r i b u t i o n  d u r i n g  
t h e  t e r m i n a l  p e r i o d  a f t e r  
r e c y c l i n g  h a s  o c c u r r e d .  

rF H 
O Tc 

I 1.0, o t h e r w i s e .  ._ 
C .  B . I . H .  a t  T = T, b u t  No R e c y c l i n g  R e q u i r e d  

If w e  have  a B . I . H .  a t  T = T b ,  i t  a c t s  l i k e  a l a u n c h  
window b y  a b s o r b i n g  ho lds  o c c u r r i n g  e a r l i e r  i n  t h e  countdown.  
However, i t  d i f f e r s  f rom a l a u n c h  window i n  t h a t  t h e  v e h i c l e  
must  wait t h r u  any  of t h e  B . I . H .  t i m e ,  hb ,  r e m a i n i n g  b e f o r e  
c o n t i n u i n g  t h e  countdown.  

I n  a d d i t i o n  t o  a b s o r b i n g  h o l d s  e a r l i e r  i n  t h e  c o u n t -  
down, B . I . H . ' s  a c t  as an  u m b r e l l a  d u r i n g  which i n c i p i e n t  p rob-  
lems t h a t  would c a u s e  h o l d s  la te3r  i n  t h e  countdown can  b e  c o r -  
r e c t e d .  Thus ,  a B . I . H .  m a y  a l s o  s e r v e  t o  r e d u c e  t h e  p r o b a b i l i t y  
o f  h o l d s  l a t e r  i n  t h e  countdown. T h i s  r e d u c t i o n  i s  a t t r i b u t e d  
t o  t h e  p o s s i b l e  c o r r e c t i o n  of  d i s c r e p a n c i e s  n o t  i n  t h e  c r i t i c a l  
p a t h  t h a t  a r e  a p p a r e n t  a t  Tb, b u t  f o r  which o r d i n a r i l y  no h o l d  
would be  c a l l e d  u n t i l  l a t e r  i n  t h e  countdown.  The normal  de l ay  
i n  t h e  c a l l i n g  o f  t h e  h o l d  for t h i s  t y p e  o f  d i s c r e p a n c y  i s  due  
t o  t h e  f o l l o w i n g  f a c t o r s :  

1. Holds  s h o u l d  b e  c a l l e d  as l a t e  i n  t h e  c o u n t -  
down as p o s s i b l e ,  s o  t h a t  more t h a n  one d i s -  
c r e p a n c y  c a n  b e  a t t e n d e d  t o  i n  t h e  same h o l d .  

2 .  C r i t i c a l  p a t h  d i s c r e p a n c i e s  migh t  i n c u r  a h o l d  
d u r i n g  which t h e  l a t e n t  d i s c r e p a n c y  might  b e  
r e p a i r e d  w i t h o u t  a s e p a r a t e  h o l d .  

3 .  The- d i s c r e p a n c y  might  c o r r e c t  i t s e l f .  

Based on t h e  p r e c e d i n g  d i s c u s s i o n ,  t h e  P(L) for t h e  
o f  d u r a t i o n  h b ,  i s  g i v e n  b y  Tb ' c a s e  o f  a B . I . H .  a t  T = 
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L [ h b  t L.W.]  and  OHTb - < ( L . W .  t hb-T HT I ] )  
O r  [ h b  < TbHTT b T  

( L . W . )  b = F  H ( h b )  F H 
T b TT Tb 

"b + L.W. 

( h )  F H (L.W.  + hb-h)dh  
G ?Ib l? H + <  

hb Tb TT 

C8 1 

where bF  

down i n t e r v a l  0 t o  T b ,  as m o d i f i e d  by t h e  e f f e c t s  o f  t h e  B.I.H. 

( h )  i s  t h e  h o l d  t i m e  d i s t r i b u t i o n  f o r  t h e  coun t -  
Tb 

D .  B . I . H .  a t  T = T and  R e c y c l i n g  
f! 

S i m i l a r l y  ( f o l l o w i n g  t h e  a rgumen t s  i n  S e c t i o n s  B and  C )  
f o r  a B.I.H. a t  T = T c ,  and  t h e  r e q u i r e m e n t  t h a t  f o r  h o l d s  
a t  T<Tc w e  r e c y c l e  t o  T = Tc ( a l l o w i n g  o n l y  one r e c y c l e ) ,  w e  
have  : 

H <(L.W. t h ) and b H  = 03 
O Tc b P ( L )  = P [ T c  TT - 

or [ H < h b  and O <  !HTci[L.W.-hr,] 
l T c  TT - 

= 01 
and OHTc, 

- < ( L . W .  + h b )  and  O <  O H T  2 
I h b  ' TcHTT C 

(L.W. t hb-hr-TcHTT) and  'H = O]'\ i 

b 

O Tc I 

F (L.W. + h b )  F ( 0 )  

C 
O T  Tc  TT 

( 9 )  
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I V .  P ( L )  FOR A G I V E N  LAUNCH WINDOW CONSISTING OF TWO PANES 
(OF NEGLIGIBLE W I D T H )  L.W. APART 

To s a v e  s o f t w a r e ,  t r a i n i n g ,  a n a l y s i s ,  and l a u n c h  
s y s t e m  c o m p l e x i t y ,  i t  i s  o f t e n  a d v a n t a g e o u s  t o  l i m i t  l a u n c h e s  
t o  s e v e r a l  p o i n t s  w i t h i n  t h e  l a u n c h  window ra ther  t h a n  t o  p l a n  
for a c o n t i n u o u s  l a u n c h  window. The s i m p l e s t  and most ex t r eme  
v e r s i o n  of t h i s  i s  t o  have  a small  l a u n c h  pane  a t  t h e  b e g i n -  
n i n g  and  end  of t h e  l a u n c h  window. I t  i s  t h i s  ex t r eme  t h a t  w e  
w i l l  c o n s i d e r  he re .  

A .  No B . I . H . ' s  or R e c y c l i n g  

f i r s t  p a n e ,  so t h a t  i f  a ho ld  o c c u r s  w e  p r o c e e d  t o  T = 0 and 
h o l d  u n t i l  t h e  second  pane  o c c u r s .  T h e r e f o r e ,  i f  w e  m i s s  t h e  
f i r s t  p a n e ,  t h i s  i s  e q u i v a l e n t  t o  h a v i n g  a B . I . H .  a t  T = 0 of 
l e n g t h  = L.W. Thus 

F o r  t h i s  c a s e ,  we p l a n  t o  n o m i n a l l y  l a u n c h  a t  t h e  

f 
P ( L )  = PtoHTT 5 L.W. 

= F H  ( L . W . )  
0 Trn 

1 

t h e  same r e s u l t $  as E q u a t i o n  ( 3 ) .  

B.  R e c y c l i n g  b u t  No B.I.H.'s 

If r e c y c l i n g  t o  Tc i s  r e q u i r e d  f o r  h o l d s  a t  T < T c ,  

o n l y  one  r e c y c l e  b e i n g  a l l o w e d ,  t h e  l a u n c h  s t r a t e g y  i s  t h a t  
i f  h o l d s  o c c u r  a t  T > T c ,  - we h o l d  a t  Tc u n t i l  i t  i s  t i m e  t o  t r y  

f o r  t h e  second window p a n e .  F o r  t h i s  c a s e  
f l  1 
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= 0 and O <  OHT < I L.W.-hr)  and  r OHTc  = O J  - \  or [ T c ~ T T  C 

where 

( h )  6 t h e  h o l d  t i m e  d i s t r i l j u t i o n  i n  t h e  i n t e r -  
v a l  0 t o  Tc  a f t e r  w a i t i n g  f o r  t h e  s e c o n d  
pane  

C .  B . I . H .  a t  T = Tb b u t  No R e c y c l i n g  R e q u i r e d  

T h i s  i s  s i m i l a r  to a c o n t i n u o u s  l a u n c h  window w i t h  
a B . I . H .  e x c e p t  f o r  t h e  m o d i f i c a t i o n  c o n s i d e r e d  i n  Case A .  
Thus f rom E q u a t i o n  ( 8 ) :  

< !hb + L.W.) and OHTb - < ( L . W .  + hb - 
O r  Ihb  < TFTT - 

TbHTT 111 
= F  (hb)  "F H (L.W.) 

TbHTT Tb 

hb+L. w . 
(h) H ( L . W .  . hb -h)( +lb fTbIITT Tb 

D .  B.I.H. a t  T = T c  and  R e c y c l i n g  

7 

For  a B . I . H .  a t  T = T c ,  t h e  r e c y c l e  p o i n t ,  w e  h o l d  
a t  T = T u n t i l  t i m e  f o r  t h e  f i r s t  o r  s e c o n d  p a n e .  If t h e  

C 
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T C  
f i r s t  pane  i s  a v a i l a b l e  and u n s c h e d u l e d  h o l d s  a f t e r  T = 

o c c u r ,  we r e c y c l e  t o  T = Tc and  h o l d  for t h e  s e c o n d  p a n e .  Thus ,  

where 

P ( L )  = 

or 

o r  

- - 

+ 

+ 

It 

P ([TcHTT 2 hb and b H  = 01 
O Tc 

< ( h b  + L.W.) and  BH = 0 1  [hb < TcHTT - O Tc 

r 
and OHTc 

(0) r (L.W. - h r )  F b 
F H  ( h b )  A F H 

Tc TT O Tc O Tc 

,- 
(hb  + L . W . )  =; F H (L.W. + h b )  - (14) 

TcHTT j Tc TT 
b A F  

! 

\ F H  ( h b )  L.W.>O 
Tc  TT I 

10 L.W.<O - 

w i l l  be  obse rved  t ha t  due  t o  t h e  assumDtion  of 
n o  s e c o n d a r y  f a i l u r e s ,  t ha t  t h e  r e s u l t s  w i t h  p a n e s  are  t h e  same 
as f o r  a c o n t i n u o u s  window, e x c e p t  for c a s e s  i n v o l v l n g  r e c y c l i n g .  

V .  OTHER LAUNCH STRATEGIES 

The c o m b i n a t o r i a l  a n a l y s i s  a p p r o a c h  o f  S e c t i o n s  I11 
a n d  I V  c a n  be  e x t e n d e d  i n  a s t r a i g h t  f o r w a r d  manner t o  i n c l u d e  
o t h e r  l a u n c h  s t r a t e g i e s ,  c o n s i s t i n g  of  any c o m b i n a t i o n  o f  
B . I . H . ' s ,  l a u n c h  window w i d t h s ,  and  number of  p a n e s .  
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V I .  APPLICATION TO SATURN V L.O.R. MISSION 

We w i l l  i l l u s t r a t e  t h e  u s e  o f  t h e  f o r m u l a s  by 
a p p l y i n g  them t o  S a t u r n  V L.O.R. countdowns .  For t h e  p u r -  
p o s e s  of  t h i s  example w e  w i l l  u s e  t h e  s i m p l e  l i n e a r  a p p r o x i -  
m a t i o n s  to t h e  countdown h o l d  s t a t i s t i c s  f rom S a t u r n  I and  
I B  l a u n c h e s  g i v e n  i n  F i g u r e  1. I d e a l l y ,  i t  would b e  w o r t h -  
w h i l e  t o  modi fy  t h e  h o l d  s t a t i s t i c s  to a c c o u n t  f o r  t h e  d i f -  
f e r e n c e s  i n  v e h i c l e  c o m p l e x i t i e s  and t h e  p o i n t s  i n  t h e  c o u n t -  
down a t  which comparable  e v e n t s  o c c u r .  However, t h e  g e n e r a l  
t r e n d s  o f  t h e  h o l d  s t a t i s t i c s  f o r  v a r i o u s  v e h i c l e s ,  s t u d i e d  
i n  R e f e r e n c e  14, were s u f f i c i e n t l y  s i m i l a r ,  t h a t  i t  a p p e a r s  
r e a s o n a b l e  f o r  a f i r s t  a p p r o x i m a t i o n  to a p p l y  t h e s e  s t a t i s -  
t i c s  w i t h o u t  m o d i f i c a t i o n s ,  e x c e p t  t h o s e  r e s u l t i n g  f rom B . I . H . ' s  
and  r e c y c l i n g .  

Appendices  A and  B p r o v i d e  a s i m p l e ,  f i r s t - o r d e r  
method f o r  m o d i f y i n g  t h e  h o l d  s t a t i s t i c s  t o  a c c o u n t  f o r  t h e  
e f f e c t  o f  B . I . H . ' s  and r e c y c l i n g .  

p a r a m e t e r s  o f  
Us ing  t h i s  a p p r o a c h ,  and  assumed v a l u e s  f o r  t h e  

kr  = .5 

kb = . 7  

Tb = Tc = 2 2  m i n s .  

hr  = 20 m i n s .  

? 

t h e  t o t a l  h o l d  s t a t i s t i c s ,  based on a l i n e a r i z a t i o n  o f  S a t u r n  I 
and I B  s t a t i s t i c s ,  have  b e e n  p l o t t e d  i n  F i g u r e s  2 and  3 i n  a 
form s u i t a b l e  f o r  t h e  e s t i m a t i o n .  

R e f e r e n c e  (15) i n d i c a t e s  t h a t  t h e  c l o s e s t  to l a u n c h  
t h a t  a n  e x t e n d e d  b u i l t - i n - h o l d  c a n  be  i n c o r p o r a t e d  i n  t h e  
S a t u r n  V i s  a t  a countdown time o f  22 m i n u t e s  b e f o r e  l a u n c h .  
If a h o l d  l o n g e r  t h a n  a few minu tes  o c c u r s  i n  t h e  r e m a i n i n g  
p o r t i o n  o f  t h e  countdown,  t h e n ,  b e c a u s e  o f  c r y o g e n i c  p r o b l e m s ,  
t h e  v e h i c l e  must r e c y c l e  to 'I'= 22 m i n u t e s .  Thus a countdown 
t i m e  of 2 2  m i n u t e s  has been  chosen  as t h e  r e c y c l e  p o i n t ,  and  t h e  
t i m e  for t h e  B . I . H .  i n  our example .  

Us ing  E q u a t i o n s  ( 9 )  and (Cl), and t h e  s t a t i s t i c s  o f  
F i g u r e s  2 and  3 ,  a p l o t  o f  t h e  P ( L )  f ' o r  S a t u r n  V f o r  a c o n t i n u -  
o u s  l a u n c h  window, as a f u n c t i o n  of  t h e  l e n g t h  o f  b u i l t - i n - h o l d s  
a t  Tb = 22 m i n u t e s ,  i s  g i v e n  i n  F i g u r e  4 .  S i m i l a r l y ,  u s i n g  
E q u a t i o n  (l3), t h e  P ( L )  p l o t  shown i n  F i g u r e  5 i s  o b t a i n e d  f o r  
t h e  c a s e  o f  a d i s c o n t i n u o u s  l aunch  window c o n s i s t i n g  o f  two 
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small window panes  a t i m e  i n t e r v a l  L.W. a p a r t .  From t h e  
f i g u r e s  w e  o b s e r v e  t h a t  s u b s t a n t i a l  improvements  i n  P ( L )  
r e s u l t  f rom i n c o r p o r a t i n g  a b u i l t - i n - h o l d  and  l a u n c h  window 
o f  a b o u t  two h o u r s  d u r a t i o n  f o r  e a c h .  Also, when t h e  h o l d  
t i m e  s t a t i s t i c s  f o r  l a u n c h e s  and  s c r u b s  are w e l l  s e p a r a t e d ,  
as i n  o u r  example ,  t h e r e  a p p e a r s  t o  b e  l i t t l e  a d v a n t a g e  i n  
h a v i n g  a b u i l t - i n - h o l d  e x c e e d i n g  t h e  peak  v a l u e  o f  t h e  t o t a l  
h o l d  t i m e  ( f o r  no  s c r u b )  found s t a t i s t i c a l l y  i n  t h e  p r e c e d -  
i n g  p o r t i o n  o f  the.  countdown. S i m i l a r l y ,  t h e r e  a p p e a r s  t o  b e  
l i t t l e  a d v a n t a g e  i n  h a v i n g  a l a u n c h  window g r e a t e r  t h a n  t h e  
peak  v a l u e  o f  t h e  no s c r u b  t o t a l  h o l d  t i m e  found s t a t i s t i c a l -  
l y  f o r  t h e  e n t i r e  countdown. Comparing F i g u r e s  4 and 5 ,  t h e  
i n d i c a t i o n  i s  t h a t  t h e r e  i s  l i t t l e  t o  be g a i n e d  i n  employing  
a c o n t i n u o u s  l a u n c h  window r a t h e r  t h a n  two window p a n e s  u n l e s s  
t h e  l a u n c h  window e x c e e d s  s e v e r a l  h o u r s .  

For a combina t ion  o f  two h o u r s  o f  B.I.H. a t  Tb = 

22  m i n u t e s  and a two h o u r  l a u n c h  window, F i g u r e s  4 and 5 i n d i -  
c a t e  t h a t :  

P ( L )  = 0 . 6 8  w i t h  a c o n t i n u o u s  window 
P ( L )  = 0 . 6 5  w i t h  two window p a n e s  

v e r s u s  t h e  v a l u e  o f  

P ( L ) = O . 1 3  f o r  launch-on- t ime and no B.I.H.'s. 

VII. SUMMARY AND CONCLUSIONS 

Using  c o m b i n a t o r i a l  a n a l y s i s  and  p a s t  countdown 
data i n  t h e  form o f  c u m u l a t i v e  p r o b a b i l i t i e s  o f  t o t a l  h o l d  
t ime i n  g i v e n  countdown i n t e r v a l s ,  e q u a t i o n s  have  b e e n  d e r i v e d  
e v a l u a t i n g  t h e  p r o b a b i l i t y  o f  s u c c e s s f u l  l a u n c h  as a f u n c t i o n  
o f  l a u n c h  s t r a t e g y .  From these  e q u a t i o n s ,  t h e  f o l l o w i n g  con- 
c l u s i o n s ,  can  be drawn:  

h,,- If t h e  p r o b a b i l i t y  o f  a launch-on- t ime w i t h -  
o u t  B.I.H's i s  small ,  s u b s t a n t i a l  improve-  
ment can  b e  o b t a i n e d  by u s i n g  a c o m b i n a t i o n  
o f  B.I.H.'s a s  l a t e  i n  t h e  countdown as p o s -  
s i b l e ,  and a l aunch  window. 

2 .  There i s  l i t t l e  a d v a n t a g e  i n  h a v i n g  a B.I.H. 
l e n g t h  e x c e e d i n g  t h e  maximum v a l u e  of t h e  t o t a l  
h o l d  t i m e  found  s t a t i s t i c a l l y  for l a u n c h e s  i n  
t h e  p r e c e e d i n g  p o r t i o n  o f  t h e  countdown, when 
u n s c h e d u l e d  h o l d  t imes  g r e a t e r  t h a n  a c e r t a i n  
maximum lead t o  a r e c y c l i n g  ( s c r u b )  of  t h e  e n t i r e  
countdown. 
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3. S i m i l a r l y ,  t h e r e  i s  l i t t l e  a d v a n t a g e  i n  employ ing  
a l a u n c h  window g r e a t e r  t h a n  t h e  peak  v a l u e  o f  
t h e  t o t a l  h o l d  t i m e  found  s t a t i s t i c a l l y  f o r  t h e  
e n t i r e  l a u n c h  countdown. 

4 .  There i s  l i t t l e  t o  b e  g a i n e d  i n  employing  a con- 
t i n u o u s  l a u n c h  window r a the r  t h a n  two window p a n e s  
u n l e s s  t h e  l aunch  window e x c e e d s  s e v e r a l  h o u r s .  

App ly ing  S a t u r n  I and  I B  countdown h o l d  s t a t i s t i c s  t o  

P(Launch-on-time w i t h o u t  B . I . H . ' s )  = 0 . 1 3  

S a t u r n  V L . O . R .  M i s s i o n s  we o b t a i n :  

F o r  a c o m b i n a t i o n  o f  two h o u r s  o f  B . I . H .  a t  T = 22  
m i n u t e s  and  a two h o u r  l a u n c h  window, and a l l o w i n g  f o r  one re -  
c y c l e  d u r i n g  t h e  f i n a l  2 2  m i n u t e s  o f  countdown:  

P ( L )  = 0 . 6 8  w i t h  a c o n t i n u o u s  l a u n c h  window 

P ( L )  = 0 .65  w i t h  two window p a n e s  

Note t h a t  t h e  s m a l l  d i f f e r e n c e  be tween a c o n t i n u o u s  
wmdow and  p a n e s  i s  d u e  i n  l a r g e  measu re  t o  t h e  a s s u m p t i o n  
t h a t  t h e r e  a re  no secondary  f a i l u r e s  d u r i n g  h o l d s .  However, 
as  i n d i c a t e d  by  Ref.  1 4 ,  t h i s  appears to b e  a r e a s o n a b l e  
a s s u m p t i o n .  The small  r a t e  o f  s e c o n d a r y  f a i l u r e s  t h a t  one  
c o u l d  e x p e c t  would s e r v e  t o  somewhat d e c r e a s e  t h e  e f f e c t i v e -  
n e s s  o f  p a n e s  r e l a t i v e  t o  a c o n t i n u o u s  window. I t  would a l s o  
s e r v e  t o  somewhat r e d u c e ,  from t h e  v a l u e s  g i v e n  i n  t h i s  
memorandum, t h e  P(L) as t h e  l a u n c h  window l e n g t h  o r  B . I . H .  
t i m e  i s  i n c r e a s e d .  

2014-WBG-bjh 

A t t a c h m e n t s  
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APPENDIX A 

D e r i v a t i o n  o f  t h e  E f f e c t  of R e c y c l i n g  on t h e  P r o b a b i l i t y  

D i s t r i b u t i o n  f o r  T o t a l  Holds T i m e s  

R e f e r e n c e  1 6  i n d i c a t e s  t h a t  t h e  Thor -De l t a  V e h i c l e  
r e c y c l e s  t o  T-8 i f ' a  e x t e n d e d  h o l d  o c c u r s  d u r i n g  t h e  l a s t  8 
m i n u t e s  o f  countdown.  The d a t a  of R e f e r e n c e  16 t e n d s  t o  i n -  
d i c a t e  t h a t  t h e r e  was a r e d u c t i o n  i n  t h e  e x p e c t e d  h o l d  r a t e  
d u r i n g  t h e  f i n a l  8 m i n u t e s  of countdown ( a f t e r  a r e c y c l e )  t o  
a b o u t  1 / 2  o f  t h e  e x p e c t e d  h o l d  r a t e  b e f o r e  r e c y c l i n g .  T h i s  
might  b e  a t t r i b u t e d  t o  t h e  d i s c o v e r y  and c o r r e c t i o n  o f  d i s -  
c r e p a n c i e s  d u r i n g  t h e  f i r s t  t r y .  

To a c c o u n t  f o r  t h i s  e f f e c t ,  we might  modi fy  F ( h )  s o  
t h a t  t h e  p r o b a b i l i t y  o f  e x c e e d i n g  a t o t a l  h o l d  time o f  l e n g t h  
h a f t e r  r e c y c l i n g  i s  on ly  k t h a t  o f  t h e  p r o b a b i l i t y  b e f o r e  
r e c y c l i n g .  'Thus 

r 

r r r P ( H > h )  = k r  P(H>h) = k r Il-F(h)I I. = 1- F ( h )  

S o l v i n g  E q u a t i o n  (Al) y i e l d s :  

i f  > 0 

i f  < 0 - 



BELLCOMM. I N C .  

APPENDIX B 

D e r i v a t i o n  o f  t h e  N e w  P r o b a b i l i t y  D i s t r i b u t i o n  
f o r  T o t a l  Hold Times A f t e r  a B u i l t - I n - H o l d  

There  h a s  been  some v i e w p o i n t s  t h a t  i n d i c a t e  t h a t  n o t  
o n l y  w i l l  a B . I . H .  o f  l e n g t h  hb a t  countdown t ime ,  T b ,  a b s o r b  
a l l  t h e  t o t a l  h o l d  t i m e  o f  l e n g t h  hb o r  l e s s  o c c u r r i n g  e a r l i e r  
i n  t h e  countdown,  b u t  i t  w i l l  a l s o  r e d u c e  t h e  p r o b a b i l i t y  o f  
h o l d s  l a t e r  i n  t h e  countdown. That  i s ,  s u c h  a h o l d  h a s  an  
u m b r e l l a  e f f e c t  d u r i n g  which p o t e n t i a l  and  l a t e n t  p rob lems  are  
c o r r e c t e d .  

To a c c o u n t  for t h i s  e f f e c t ,  w e  might  modi fy  F ( h )  s o  
t h a t  t h e  p r o b a b i l i t y , o f  e x c e e d i n g  a t o t a l  h o l d  t i m e  of l e n g t h  
h i n  t h e  r e m a i n i n g  coun tdown , i s  o n l y  kb t h a t  o f  t h e  p r o b a b i l i t y  
w i t h o u t  a B . I . H .  Thus 

b P ( H > h )  = kbP(H>h)  
= k b [ l - F ( h ) ]  = 1- b F ( h )  

S o l v i n g  E q u a t i o n  (€31) y i e l d s :  

< ( l - k b )  + k b F ( h )  i f  > 0 b F ( h )  = ( I 

To accommodate t h e  e f f e c t  o f  t h e  l e n g t h  o f  t h e  b u i l t -  
i n - h o l d ,  w e  c o u l d  u s e  as a f i r s t  a p p r o x i m a t i o n :  

where :  

kb = 1-mb 11-k;) 
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Appendix B ( c o n t d )  

B-2 

i s  t h e  maximum v a l u e  o f  h f o r  which no s c r u b s  were and hmax 
c a l l e d .  O b s e r v e  t h a t  w e  have  s u b t r a c t e d  o f f  t h e  E ( h ) ,  as t h e  
e f f e c t  o f  t h i s  amount o f  hold has a l r e a d y  b e e n  n a t u r a l l y  i n -  
c l u d e d  i n  t h e  s t a t i s t i c s .  
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A P P E N D I X  C 

S e p a r a t i o n  of Hold S t a t i s t i c s  i n t o  P(No S c r u b )  and t h e  
Cumula t ive  T o t a l  Hold T i m e  P r o b a b i l i t y  D i s t r i b u t i o n  for Launches  

F o r  some v e h i c l e s ,  e i t h e r  r e p a i r s  c a n  be  made w i t h i n  
a f e w  h o u r s ,  o r  t h e  r e p a i r  times a r e  s o  l o n g  t h a t  a r e c y c l i n g  
( s c r u b )  of t h e  e n t i r e  l a u n c h  countdown i s  r e q u i r e d .  F o r  t hese  
c a s e s  where t h e  h o l d  t i m e s  for l a u n c h e s  and s c r u b s  are  well  
separated,  t h e  accompanying s k e t c h  i n d i c a t e s  a t y p i c a l  cumula- 
t i v e  t o t a l  h o l d  t ime p r o b a b i l i t y  d i s t r i b u t i o n  i n  a countdown 
i n t e r v a l .  

1 

__-- ~. 4 

P(No S c r u b )  
i n  i n t e r v a l  

for l a u n c h e s  

* 
i n  i n t e r v a l  

cu rna  

From t h e  s k e t c h  i t  i s  o b v i o u s  t h a t  for h < h 
t u r n a r o u n d ,  

w e  can  r e p r e s e n t  t h e  d i s t r i b u t i o n  i n  t h e  f a c t o r e d  f o r m ,  

F ( h )  = P(No S c r u b )  F L ( h )  (c1) 

where F ( h )  = c u m u l a t i v e  t o t a l  h o l d  t i m e  p r o b a b i l i t y  d i s t r i b u -  
t i o n ,  i n  t h e  i n t e r v a l ,  f o r  l a u n c h e s .  

L 


